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SPECIFICATION 



FUEL FILTER 
HAVING DOUBLE LAYER STRUCTURE 

CROSS REFERENCE TO RELATED APPLICATION 
This application is based on Japanese Patent 
Applications No. 2003-11987 filed on January 21, 2003, No. 
2003-11993 filed on January 21, 2003, No. 2003-394143 filed on 
November 25, 2003 and No. 2003-394155 filed on November 25, 
2003 the disclosure of which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

The present invention is related to a fuel filter for 
removing debris included in fuel. 

A fuel filter is used in a pump module received in an 
in-tank type fuel feed apparatus. A fuel filter according to 
JP-A-2002-28418 has distribution of filter mesh over the fuel 
inlet side and fuel outlet side. 

Besides, according to JP-A-2000-240723 , the pump 
module receives a fuel supply device supported by a vibration 
proof member made of a flexible material for mitigating 
transmission of vibration of the fuel supply device and noise 
due to generated vibration. 

However, width of fibrous material of the filter and 
a mixing ratio of the material have to be precisely controlled 
for obtaining a predetermined distribution of the filter mesh. 
The sizes of pores of the filter have to be formed small on a 



fine side of the filter for securing filtering performance. 
Therefore , the filter is apt to be plugged on the fine side, 
so that pressure loss is increased and lifespan of the filter 
is decreased. Additionally, it is difficult to control each 
size of the pores of the filter. 

Additionally, if the vibration proof member is 
provided as an additional part between the fuel supply device 
and a sub tank receiving the fuel supply device, the number of 
parts increases and the structure of the pump module becomes 
complicated. 

SUMMARY OF THE INVENTION 
In view of the foregoing problems, it is an object of 
the present invention to propose a filter manufactured by a 
simple process and having a long lifespan while securing 
filtering performance. Another object is to propose a filter 
capable to decrease vibration and noise with a simple 
structure. 

In the present invention, a fuel filter includes a 
bag-shaped filter body. The filter body is constructed of an 
outer layer and an inner layer. The outer layer is made of 
nonwoven fabric. The inner layer is made of filter paper, and 
connected to the outer layer. The inner layer forms an inside 
layer of the filter body to remove debris included in fuel. 
Fuel passes through the filter body from the outer layer 
toward the inner layer. The filter body includes a connector 
that connects with an external device. 



The fuel filter is provided on a fuel suction side of 
a fuel supply device. The fuel filter includes a filter body 
for removing debris included in fuel, and a suction pipe 
section. The suction pipe section is provided between the 
filter body and the fuel supply device. Fuel passes from the 
filter body toward the suction pipe section . The mounting unit 
secures the fuel supply device to the filter body. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects , features and advantages of the present 
invention will become more apparent from the following 
detailed description made with reference to the accompanying 
drawings , in which: 

FIG. 1 is a schematic side view showing a pump module 
including a fuel filter according to the first embodiment of 
the present invention; 

FIG. 2 is a cross-sectional view showing a filter 
body of the fuel filter; 

FIG. 3A is a side view showing an upper member for 
constructing the fuel filter, and FIG. 3B is a plan view from 
the arrow B in FIG. 3A; 

FIG. 4 A is a side view showing a lower member for 
constructing the fuel filter, and FIG. 4B is a plan view from 
the arrow B in FIG. 4A; 

FIG. 5A is a side view showing the fuel filter, and 
FIG. 5B is a plan view from the arrow B in FIG. 5A, and FIG. 
5C is a plan view from the arrow C in FIG. 5A; 



FIG. 6 is a cross-sectional view taken along the line 
VI-VI in FIG. 5B; 

FIG. 7 is a plan view from the arrow VII in FIG. 1; 

FIG. 8 is a diagram for explaining performance of the 
5 fuel filter showing a relationship between an arresting amount 

AM of debris and a pressure loss PL; 

FIG. 9 is a diagram for explaining performance of the 
fuel filter, showing a relationship between particle size PD 
of debris and filtering efficiency FE; 
10 FIG. 10 is an enlarged cross-sectional view taken 

along the line X-X in FIG. 1, showing a fixing section and an 
engaging section according to the first embodiment; 

FIG. 11 is an enlarged cross-sectional view showing a 
fixing member according to the second embodiment of the 
15 present invention; 

FIG. 12 is a schematic side view showing a pump 
module including a fuel filter according to the third 
embodiment of the present invention; 

FIG. 13 is a schematic side view showing a pump 
2 0 module including a fuel filter according to the fourth 

embodiment of the present invention; 

FIG. 14 is a side view from the arrow XIV in FIG. 13; 

FIG. 15 is a schematic cross-sectional view showing a 
construction of components of the fuel filter according to the 
25 fourth embodiment; 

FIG. 16 is a schematic cross-sectional view showing a 
constructed fuel filter according to the fourth embodiment; 
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FIG. 17 is a schematic plan view showing the fuel 
filter according to the fourth embodiment; and 

FIG. 18 is a diagram for explaining a relationship 
between content rate CF of resin fiber and peel strength PS of 
the fuel filter, according to the fourth embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[ First Embodiment ] 

As shown in FIG. 1, a pump module 10 (fuel feed 
apparatus) includes a fuel pump 20 , a sub-tank 11, and a fuel 
filter 30. The pump module 10 is received in a fuel tank (not 
shown). The fuel pump 20 (fuel supply device) is arranged in 
the sub-tank 11, and the axis of the fuel pump 2 0 is set to be 
substantially in parallel with the bottom base wall 12 of the 
sub-tank 11. The fuel pump 20 has a cap 21, a fuel pump body 
22 and a fuel outlet section 23. The cap 21 is connected with 
the fuel filter 30. The fuel pump body 22 includes a motor 
(not shown) and a housing body 24 which receives an impeller. 
Fuel is drawn from the cap 21, and pressurized in the fuel 
pump body 22. The fuel outlet section 23 discharges the fuel 
pressurized in the fuel pump body 22. A discharge pipe 25 is 
connected with the fuel outlet section 23 on one end, and is 
connected with a device, such as an engine, disposed outside 
of the fuel tank (not shown) on the other end. A filter can be 
provided at the discharge side of the fuel pump 20 for 
removing debris included in fuel discharged by the fuel pump 
20. The cap 21 constructs a part of the fuel pump 20, and 



partially receives an internal device, such as an impeller 
received by the housing body 2 4 of the fuel pump 20. The cap 
21, the housing body 24 and the fuel outlet section 23 are 
integrally molded of resin, so that a housing is formed. The 
sub-tank 11 is formed in a bottomed box-shape, and is made of 
metal or resin. The sub-tank 11 receives the fuel pump 2 0 and 
the fuel filter 30. 

The fuel filter 30 includes a filter body 31, a mold 
section 32, a connecting member 40, and a fixing section 4 5 
(mounting unit). As shown in FIG. 2, the filter body 31 
includes an outer layer 31A made of nonwoven fabric and an 
inner layer 3 IB made of a filter paper. The filter body 31 is 
formed in a bag-shape, so that the outer layer 31A is 
positioned on the outer side (i.e., upstream side of fuel 
flow) and the inner layer 3 IB is positioned on the inner side 
(i.e., downstream side of fuel flow). Fuel passes through the 
filter body 31 from the outer layer 31A toward the inner layer 
3 IB as shown by the arrow f in FIG. 2. The outer layer 31A and 
the inner layer 3 IB are stacked without being glued each other. 
The outer layer 31A is formed thicker than the inner layer 3 IB. 

Size of pores can be easily set in the outer layer 
31A by adjusting width of each fibrous material of the 
nonwoven fabric, a density of the fibrous material of the 
nonwoven fabric, and thickness of the nonwoven fabric. Besides, 
sizes of pores of the inner layer 31B can be also easily set 
by adjusting width of each fibrous material of the paper 
filter, a density of the fibrous material of the paper filter, 



and thickness of the paper filter, as well as the outer layer 
31A. Pores formed in the nonwoven material are larger than 
pores formed in the paper filter. Accordingly, relatively 
large debris included in fuel is removed by the outer layer 
31A. Relatively small debris, which is not removed by the 
outer layer 31A, included in fuel is removed by the inner 
layer 3 IB. Therefore, plugging of the inner layer 3 IB is 
reduced . 

As shown in FIGS. 2 to 4 , the fuel filter 3 0 is 
constructed with an upper member 33 and a lower member 34. The 
upper member 33 has a filter section 33A, and the lower member 
34 has a filter section 34A. The filter sections 33A, 34A are 
constructed into the filter body 31. The upper member 33 has 
the connecting member 40 in the substantially center of the 
upper member 33. The connecting member 40 is connected with 
the cap 21 of the fuel pump 20. The connecting member 40 is 
made of resin, and formed to penetrate the filter section 33A 
of the upper member 33. The connecting member 40 has a suction 
pipe 3 8 for communicating between the inside of the fuel 
filter 3 0 and the cap 21 of the fuel pump 20. 

The connecting member 4 0 is bent by approximately 90 
degrees, and has a perpendicular pipe section 41 and a suction 
pipe section 42. The perpendicular pipe section 41 is 
connected with the filter body 31, and is arranged 
approximately perpendicular to the filter body 31. The suction 
pipe section 42 is connected with the perpendicular pipe 
section 41, and is substantially in parallel with the filter 



body 31. As shown in FIG. 1, the suction pipe section 42 is 
connected with the cap 21 of the fuel pump 20. The central 
axis of the suction pipe section 4 2 approximately coincides 
with the central axis of the fuel pump 20. The connecting 
section 43 is provided at the end of the suction pipe section 
42 on the opposite side with respect to the perpendicular pipe 
section 41. The connecting section 43 supports the cap 21 of 
the fuel pump 20. 

The cap 21 of the fuel pump 20 fits to the connecting 
member 4 0 of the fuel filter 30. As shown in FIG. 3, the 
connecting member 4 0 is molded while inserting the filter 
section 33A of the upper member 33, so that the connecting 
member 4 0 and the filter section 33A are sealed. The outer 
layer 31A is arranged on the plane where the suction pipe 38 
is provided. The outer layer 31A faces to the opposite side 
with respect to the lower member 34 , and the inner layer 31B 
faces to the lower member 34. 

As shown in FIG. 4, the lower member 34 has a frame 
member 36 in the approximately center of the lower member 34. 

A frame member 3 6 is made of resin, and penetrates 
the filter section 34A of the lower member 34. As shown in FIG. 
6, the upper member 33 and the lower member 34 forms a 
predetermined inner space, so that the frame member 36 
maintains that the filter section 33A of the upper member 33 
is apart from the filter section 34A of the lower member 34 
when fuel is drawn. The frame member 3 6 is formed to penetrate 
the filter section 34A of the lower member 34 from the 



opposite side of the upper member 33 , when the bottom section 
36A is formed. Therefore, as shown in FIG. 1, a predetermined 
space is formed between the fuel filter 3 0 and the inside 
plane of the base wall 12 of the sub-tank 11. Accordingly, the 
fuel filter 3 0 does not closely contact the inside plane of 
the base wall 12, while keeping filtering area of the fuel 
filter 30. As shown in FIG. 4, the frame member 36 is molded 
while inserting the filter section 34A, so that the frame 
member 36 and the filter section 34A are sealed. The outer 
layer 31A of the filter section 34A faces to the base wall 12 
of the sub-tank 11, and the inner layer 3 IB of the filter 
section 34A faces to the upper member 33. 

The frame member 36 is made of resin and formed in a 
shape shown in FIG. 5, so that the frame member 3 6 does not 
interfere with the connecting member 40, which is connected 
with the filter body 31 and fixing section 45. 

As shown in FIG. 6, the periphery of the upper member 
33 and the lower member 34 are molded of resin, so that the 
upper member 33 and the lower member 34 are integrated. Namely, 
the fuel filter 30 has a resinous mold section 32 on the outer 
periphery of the filter body 31. In detail, the upper member 
33 is stacked on the lower member 34, and the upper member 33 
and the lower member 34 are insert -molded, so that the mold 
section 32 is formed on the periphery of the filter sections 
33A, 34A. The mold section 32 integrates the upper member 33 
and the lower member 34 into the bag-shaped fuel filter 30, 
such that the inner layer 3 IB faces to inside of the fuel 



filter 30. 

The filter body 31 has the inner layer 31B made of 
filter paper, so that the inner periphery of the filter body 

31 is difficult to weld for sealing. However, the mold section 

32 is molded on the outer periphery of the filter body 31, 
while sealing the outer periphery of the inner layer 31B, 
which is made of filter paper. Thus, the filter body 31 can be 
sealed at its outer periphery, and the filter body 31 is 
formed in a bag-shape. Thus, fuel does not intrude into the 
inside of the filter body 31 from the outer periphery of the 
filter body 31. 

The mold section 32 has the connectors 50. Each 
connector 50 includes a mounting body 51 and a shaft 52. The 
mounting body 51 protrudes outside from the mold section 32. 
The shaft 52 is formed to protrude perpendicularly to the face 
of the mounting body 51. As shown in FIGS. 1 and 5, the sub- 
tank 11 has fitting sections 13 formed to protrude toward 
inside of the sub-tank 11. Each fitting section 13 has a pair 
of plate sections 14 protruding toward inside of the sub-tank 
11. Each plate section 14 has V-shaped notch 15. The shaft 52 
of the connector 50 is connected with the notch 15 of the 
fitting section 13, so that the shaft 52 of the connector 50 
fits to the notch 15 of the fitting section 13, and the fuel 
filter 30 is fixed in the sub-tank 11. The connector 50 is 
integrally molded with the mold section 3 2 when the mold 
section 32 is molded on the outer periphery of the filter body 



Conventionally, a suction filter is needed on the 
suction side of the fuel pump for removing relatively large 
debris, and a high-pressure filter is needed on the discharge 
side of the fuel pump for removing relatively small debris. 
5 Here, an example shown in FIGS. 8 and 9 is in the 

case that filtering area of the filter is set at 53 0 cm2 for a 
single plate. 

If a high-pressure filter is provided on the 
discharge side of the fuel pump 20, as shown by the line (-•-) 

10 in FIG. 8, pressure loss becomes large even the arresting 

amount AM of the debris is Og. Because the filter disturbs 
fuel flow on the discharge side of the fuel pump 20. 

If the filter is provided on the suction side of the 
fuel pump 20, and is constructed with only filter paper, the 

15 filter is apt to be plugged because the mesh of filter paper 

is fine. As shown by the line (-♦-) in FIG. 8, if the filter 
is constructed with only filter paper, the pressure loss PL 
reaches at the predetermined value PI (lOkPa) even the amount 
AM of arrested debris is small, such as less than 15g. 

20 Accordingly, the lifespan of the filter becomes short. On the 

other side, if the filter is constructed with only nonwoven 
fabric, and is provided on the suction side of the fuel pump 
20, the amount AM of arrested debris becomes large, such as 
greater than 60g as shown by the line (-A-) in FIG. 8. However, 

25 as shown by the line (-A-) in FIG. 9, filtering efficiency FE 

of the filter, which is constructed with only nonwoven fabric, 
is low. Especially if the particle size PD of the debris is 
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small, such as less than 6/^m, filtering efficiency FE becomes 
less than 20%, because the mesh of the nonwoven fabric is 
coarse. Therefore, the fuel discharged from the fuel pump 2 0 
includes debris. Accordingly, a fine filter is needed on the 
fuel discharge side of the fuel pump 20, if the fuel filter is 
constructed with only nonwoven fabric, and used as the suction 
filter of the fuel pump 20. 

On the contrary, in the first embodiment, the outer 
layer 31A and the inner layer 3 IB are stacked to construct the 
filter body 31. Here, the outer layer 31A is made of nonwoven 
fabric, and the inner layer 3 IB is made of filter paper. 
Therefore, in the first embodiment as shown by the line (-■-) 
in FIG. 8, the amount AM of arrested debris is increased until 
the pressure loss PL reaches at the predetermined pressure Pi, 
comparing with the cases of the high-pressure filter (-•-) and 
the filter made of filter paper (-♦-). Namely, life span of 
the filter is increased. Besides, as shown by the line (-■-) 
in FIG. 9, the filter body 31 in the first embodiment has 
filtering efficiency greater than 70% with respect to small 

debris which has diameter less than 5 fim. Additionally, 
filtering efficiency FE of the filter body 31 in the first 
embodiment is enhanced up to the similar level as the case of 
the filter provided on the discharge side of the fuel pump 20 
as shown in the line (-•-). On the contrary, as shown by the 
line (-A-), the filtering efficiency FE of the filter 
constructed with only nonwoven fabric is less than 20% with 
respect to small debris which has diameter less than 6 fim. 
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Namely, fuel flows from outer layer 31A toward the 
inner layer 3 IB over the filter body 31 as shown by the arrow 
f in FIG. 2. Accordingly, relatively large debris is arrested 
by the nonwoven fabric constructing the outer layer 31A, and 
relatively small debris is arrested by the filter paper 
constructing the inner layer 3 IB. 

In the first embodiment, the outer layer 31A and the 
inner layer 3 IB are separately provided, so that nonwoven 
fabric material and filter paper material can be individually 
selected for adjusting filtering performance of the filter 
body 31 based on predetermined filtering performance. 
Therefore, the filtering performance can be easily adjusted by 
stacking a specific nonwoven fabric and a specific filter 
paper. Thus, predetermined filtering performance is secured by 
simple construction, and life span of the fuel filter 3 0 can 
be extended. 

In the first embodiment, the outer periphery of the 
filter body 31 is molded with the mold section 32, so that the 
filter body 31 is sealed at the outer periphery, and easily 
formed in the bag-shape even the inner layer 3 IB is made of 
filter paper. Therefore, filtering area needed for the fuel 
filter 30 can be easily secured. 

The connector 50 is provided on the mold section 32 
for connecting with the sub-tank 11. The resinous mold section 
32 is integrally molded with the resinous connector 50 at the 
same time. Therefore, additional manufacturing process and 
additional parts are not needed for providing the connector 50. 
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The filter body 31 has the outer layer 31A and the 
inner layer 3 IB, so that relatively large debris and 
relatively small debris included in fuel can be steadily 
removed. Accordingly, a fuel filter provided on the discharge 
side of the fuel pump can be reduced, so that the pump module 
10 can be downsized while reducing pressure loss. The fuel 
filter 30 is provided on the suction side of the fuel pump 20, 
and is sunk in the fuel. Therefore, even if static electricity 
is generated in the fuel filter 30, the static electricity is 
discharged via fuel . The fuel filter is reduced from the 
discharge side of the fuel pump 20, so that a grounding member 
is not necessary for discharging static electricity generated 
in the fuel filter on the discharge side of the fuel pump 20. 
The fuel filter 30 is provided on the fuel suction side, so 
that low-pressure fuel flows in the fuel filter 30. Therefore, 
a reinforcement member, such as additional frame, is not 
needed for securing strength needed for use in a high-pressure 
area. Therefore, the structure of the fuel filter 3 0 and the 
pump module 10 can be simplified, so that downsizing and 
manufacturing cost reduction of the pump module 10 can be 
performed. 

The fuel filter 30 can be provided on the fuel tank 
receiving the pump module 10, instead of providing the fuel 
filter 30 on the sub-tank 11. A high-pressure fuel filter can 
be provided on the discharge side of the fuel pump 20 for 
securing steady filtering performance of the pump module 10. 



As shown in FIGS. 1 and 3, the connecting member 4 0 
extends from the filter body 31 toward the upper member 33. 
Beside, the fixing section (mounting unit) 45 extends from the 
filter body 31 toward the upper member 33 as well. That is, 
5 the fixing section 45 formed on the filter body 31 extends in 

the same direction as the suction pipe section 42 of the 
connecting member 4 0 extends. 

As shown in FIG. 10, the fixing section 45 is formed 
in a T-shape in its cross-section perpendicular to the axial 

10 direction of the fixing section 45. The fixing section 45 is 

provided along the longitudinal direction of the filter body 
31. The central axis of the fixing section 45 is substantially 
parallel with the central axis of the filter body 31. Here, 
the central axis of the fixing section 45 is parallel with a 

15 direction from left to right in FIG. 1. 

The central axis of the fuel pump 20 and the central 
axis of the suction pipe section 42 are located in an 
approximately same plane. The fixing section 45 is integrally 
molded with the connecting member 40 (FIG. 3). 

2 0 An engage section 26 is integrally formed with the 

housing body 24 of the fuel pump 20 on the filter body 31 side 
of the fuel pump 20. The engage section 26 is formed to have a 
cross-sectional shape, which corresponds to the cross- 
sectional shape of the fixing section 45, in the direction 

25 perpendicular to the central axis of the fixing section 45. 

Namely, the cross-sectional shape of the engage section 2 6 is 
formed to surround the outer periphery of the fixing section 
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45. Therefore, the fixing section 45 and the engage section 26 
engage each other. 

The engage section 2 6 is connected with the fixing 
section 45 on the end of the fixing section 45, which is 
5 opposite with respect to the connecting member 40, and the 

fuel pump 2 0 is slid toward the connecting member 40 along the 
central axis of the fixing section 45. The engage section 2 6 
engages with the fixing section 45, so that the fuel pump 20 
is mounted on the filter body 31. The fuel pump 20 is further 
10 slid toward the connecting member 40, so that the cap 21 of 

the fuel pump 20 is connected with the suction pipe section 42 
of the connecting member 40. The cap 21 is connected with the 
connecting section 43 of the connecting member 40 by snap-fit 
or the like. 

15 In the first embodiment, the fuel pump 20 is held by 

the filter body 31 via the connecting section 40, which has 
the suction pipe section 42, and the fixing section 45. 
Therefore, vibration generated by the fuel pump 20 is 
transmitted to the filter body 31 via the fixing section 45 

20 and the suction pipe section 42. The filter body 31 is 

constructed with the outer layer 31A and the inner layer 3 IB, 
and especially the nonwoven fabric constructing the outer 
layer 31A has an enough thickness for absorbing noise and 
vibration. Here, vibration generated in the fuel pump 2 0 is 

25 transferred to the filter body 31 via the connecting section 

40 and the fixing section 45, and absorbed by the filter body 
31. Therefore, a predetermined filtering performance is 
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obtained, and performance of absorbing vibration and noise is 
enhanced. The filter body 31 is located between the fuel pump 
20 and the sub-tank 11, so that transmission of vibration is 
decreased from the fuel pump 2 0 toward the sub-tank 11. Thus, 
vibration and noise due to vibration can be reduced with a 
simple structure, which does not need additional part for 
absorbing vibration. The frame member 36, which supports the 
filter body 31 from inside of the filter body 31, does not 
contact the connecting member 40 and the fixing section 45. 
Here, vibration is transmitted from the fuel pump 2 0 to the 
connecting member 4 0 and the fixing section 45, and absorbed 
by the filter body 31. However, the vibration generated by the 
fuel pump 20 is not transmitted to the sub-tank 11 via the 
frame member 3 6 . 

Conventionally, a pump module has a dead space in the 
upper area of the fuel filter (i.e., the opposite side of the 
sub-tank with respect to the fuel filter). In the first 
embodiment, the fixing section 45 is provided on the upper 
side of the filter body 31 along the longitudinal direction of 
the filter body 31, so that the dead space formed on the 
filter body 31 can be efficiently used for the fixing section 
45. Thus, the entire pump module 10 can be downsized, so that 
a space for installing the pump module 10 can be small-sized. 

In the first embodiment, the central axis of the 
suction pipe section 42, the central axis of the fixing 
section 45, and the central axis of the fuel pump 20 are 
located in an approximately same plane. Therefore, the fuel 



-17- 



pump 2 0 and the fuel filter 3 0 are arranged substantially in 
parallel, so that the height of the pump module is reduced. 
Thus, an installation space for the pump module 10 is reduced, 
so that the pump module 10 can be easily installed even when 
5 the fuel tank does not have sufficient depth, for example. 

In the first embodiment, the fuel pump 2 0 is slid 
along its central axis, so that the engage section 26 of the 
fuel pump 20 engages with the fixing section 45. Therefore, 
the fuel pump 20 is easily connected with the filter body 31, 

10 and steadily held by the fuel filter 30. 

The cross-sectional shape of the engage section 2 6 
can be T-shape, and the cross-sectional shape of the fixing 
section 45 can be a shape corresponding to the T-shape of the 
engage section 26. Namely, the cross-sectional shape of the 

15 engage section 26 and the cross-sectional shape of the fixing 

section 45 can be replaced each other. 
[Second Embodiment] 

As shown in FIG. 11, a fixing member 270 has a body 
section 271 and an arm section 272. The body section 271 

20 extends from the filter body 31 toward the suction pipe 

section 42 connected with the fuel pump 20. The arm section 
272 has an arc-shaped cross section which has an inside 
diameter approximately same as the outer diameter of the fuel 
pump 20. The arm section 272 extends from a part of the body 

25 section 271, which is located on the opposite side with 

respect to the filter body 30. The arm section 272 can 
surround the outer periphery of the fuel pump 20 in the 
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circumferential direction of the fuel pump 20, so that the arm 
section 272 can easily hold the fuel pump 20. 

The center of the arc-shaped cross section of the arm 
section 272 approximately coincides with the central axis of 
5 the fuel pump 20 and the central axis of the suction pipe 

section 42. Therefore, the mounting unit for holding the fuel 
pump 20 can be downsized, and can be easily formed. The fuel 
pump 20 is slid into the arm section 27 2 along the central 
axis of the fuel pump 2 0 from the opposite side of the suction 

10 pipe section 42 toward the connecting member 40. The fuel pump 

20 is inserted into the arm section 272, and is further slid 
toward the connecting member 40, so that the cap 21 of the 
fuel pump 20 can be easily connected with the suction pipe 
section 42 of the connecting member 40. The cap 21 is fixed by 

15 the connecting section 43 of the connecting member 40 at the 

same time. Namely, the inner periphery of the arm section 272 
and the fuel pump 2 0 engage each other in the axial direction 
of the fuel pump 20. 

In the second embodiment, an additional part, such as 

20 the engage section 26 in the first embodiment, need not to be 

formed on the fuel pump 20. Therefore, the design of the fuel 
pump 20 need not to be modified, so that the fuel pump 2 0 can 
be held by the filter body 31 with a simple structure. 
Vibration and noise are generated by the fuel pump 20, and 

25 transmitted to the filter body 31 via the connecting member 40, 

the arm section 272 and the body section 271 of the fixing 
member 270. Accordingly, noise and vibration can be absorbed 
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by the filter body 31 , and reduced with a simple structure. 

The cross-sectional shape of the arm section 272 can 
be a circular shape instead of the arc shape. 

The fuel tank receiving the pump module , and a flange 
5 covering an opening of the fuel tank can be connected with the 

connector provided on the fuel filter. The sub-tank can be 
reduced, and the fuel filter can be located between the fuel 
pump and the fuel tank. 

The fuel pump (fuel supply device) is not only the 
10 device used for pumping fuel in the pump module. The fuel 

supply device can include a pressure regulator, a high- 
pressure fuel filter, and a filter case. The pressure 
regulator controls pressure of the fuel discharged by the fuel 
pump. The high-pressure fuel filter removes debris included in 
15 fuel discharged by the fuel pump. The filter case receives the 

high-pressure fuel filter. 
[Third Embodiment] 

In the third embodiment, as shown in FIG. 12, the 
fuel pump 20 is vertically installed in the pump module 10, so 
2 0 that the longitudinal direction of the fuel filter 3 0 (i.e., 

the filter body 31) is substantially perpendicular to the axis 
of the fuel pump 20 (i.e., the fuel pump body 22). 

The pump module 10 includes a flange 16 and a 
connecting member 60, in addition to the fuel pump 2 0 and the 
25 fuel filter 30. The flange 16 is formed in an approximately 

disc-shape, and covers an opening 2 formed on the top end 
plane of the fuel tank 1. The sub-tank 10 is not shown in FIG. 
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12, however the sub-tank 10 can be added to the pump module 10 
for receiving the fuel pump 2 0 and the fuel filter 30. A fuel 
discharge port 17 and a connector 18 are provided on the 
flange 16. The fuel discharge port 17 is connected with an 
5 engine (not shown), for example. Fuel is discharged from the 

fuel outlet section 23 of the fuel pump 20, and transferred to 
the fuel discharge port 17 through a discharge pipe 25. The 
connector 18 is connected with an electric power supply (not 
shown) via an ECU (not shown). The connector 18 is also 

10 connected with a motor (not shown) accommodated in the fuel 

pump body 2 2 received in the fuel tank 1 via lead wires 19. 

The electric power supply supplies electric power to 
the motor of the fuel pump body 22 via the ECU, the connector 
18, and the lead wires 19. The connecting member 60 extends 

15 from the flange 16 toward the bottom of the fuel tank 1. 

The connecting member 40 is formed on the fuel filter 
30, and connected with the cap 21 of the fuel pump 20. The 
suction pipe 38 of the connecting member 40 is formed 
perpendicularly to the fuel filter 30. The fuel filter 3 0 is 

20 arranged in parallel with the bottom base wall of the fuel 

tank 1. The fuel filter 30 includes the filter body 31 and the 
mold section 32. The filter body 31 in the third embodiment 
has the outer layer 31A and the inner layer 3 IB as same as the 
filter body 31 in the first embodiment. The mold section 32 is 

25 formed on the outer periphery of the filter body 31. 

A connector 70 is provided on the mold section 32. 
The connector 70 includes a mounting body 71 protruding 
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outside of the mold section 32, and a shaft 72 perpendicularly 
formed with respect to the mounting body 71. Besides, a 
fitting section 61 is provided on the connecting member 60, 
and outwardly protrudes with respect to the fuel filter 30. 
The fitting section 61 has a pair of plate sections 62. Each 
of the plate sections 62 has a v-shaped notch 63. The pair of 
plate sections 62 are arranged in parallel each other, and 
outwardly protrude from the connecting member 60 in the 
diametrical direction of the flange 16. The shaft 72 of the 
connector 7 0 is connected to the notches 63 of the fitting 
sections 61, so that the shaft 72 fits to the notches 63. Thus, 
the fuel filter 30 and the flange 16 are fixed via the 
connecting member 60. The connector 7 0 and the mold section 3 2 
are made of resin, and integrally molded when the mold section 
32 is formed on the outer periphery of the filter body 31. 
Accordingly, additional manufacturing process and additional 
parts are not necessary for connecting the fuel filter 3 0 and 
the flange 16. 

A mounting member can be additionally formed with the 
mold section 32 for connecting the fuel filter 30 and the 
connecting member 60. Additionally, the filter 30 can be 
connected with a sub-tank or the fuel tank 1 by using the 
mounting member. In this case, components can be connected 
each other in a simple structure, without increasing the 
number of the parts . 
[Fourth Embodiment] 

In the fourth embodiment, as shown in FIGS. 13 and 14, 



a pump module 110 (fuel feed apparatus) includes a fuel pump 
120 (fuel supply device), a fuel filter 130, a flange 111, and 
a connecting member 112. The fuel pump 120 is provided above 
the fuel filter 130, and receives a fuel pump body 121. The 
5 longitudinal direction of the filter body 131 of the fuel 

filter 130 is substantially perpendicular to the axis of the 
fuel pump body 121. The flange 111 is substantially formed in 
a disc shape for covering an opening 2 formed in the top end 
plane of the fuel tank 1 . A sub-tank is not shown in the pump 

10 module 110 shown in FIG. 13, however a sub-tank can be 

provided in the pump module 110 for receiving the fuel pump 
120 and the fuel filter 130. A fuel discharge port 113 and a 
connector 114 are provided on the flange 111. The fuel 
discharge port 113 is connected with an engine (not shown), 

15 for example. The connector 114 is connected with a power 

supply (not shown) via an ECU (control unit, not shown) . The 
connector 114 is connected with a motor (not shown) of the 
fuel pump 120. The power supply supplies the motor of the fuel 
pump 120 with electricity via the ECU and the connector 114. 

2 0 The fuel pump 12 0 includes a fuel pump body 121 and a housing 

122. The housing 122 is made of resin. The housing 122 has a 
casing 123 receiving the fuel pump body 121, and a cover 125 
provided on the side of the fuel discharge port 124 of the 
fuel pump body 121. The fuel pump body 121 is covered with the 

25 cover 125 on the side of the fuel discharge port 124. The 

cover 125 is connected with the fuel pump body 121, and forms 
a fuel discharge passage 126. A cylindrical section 127 is 
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integrally formed with the casing 123 for supporting the 
connecting member 112. The cylindrical section 127 has an 
inner diameter slightly larger than the outer diameter of the 
connecting member 112, so that the cylindrical section 127 can 
slide with respect to the connecting member 112 along the 
axial direction of the connecting member 112. A spring 115 is 
provided around the connecting member 112 as a forcing unit. 
The spring 115 contacts the flange 111 on one end, and 
contacts the cylindrical section 127 on the other end, so that 
the spring 115 forces the flange 111 and the cylindrical 
section 127 to separate from each other. The volume of the 
fuel tank 1 varies due to temperature variation and variation 
of remaining fuel amount in the fuel tank 1. However, the fuel 
filter 130 of the pump module 110 is pressed onto the bottom 
plane of the fuel tank 1 by the spring 115, even the distance 
between the top end of the fuel tank 1 and the bottom end of 
the fuel tank 1 is changed. 

A pressure regulator 140 is integrated with the 
housing 122 of the fuel pump 120. The pressure regulator 140 
is connected with the fuel pump 120 and a fuel discharge port 
113 of the flange 111. Fuel is discharged from the fuel pump 
120 toward the pressure regulator 140 through the fuel 
discharge passage 126. The pressure regulator 140 controls 
pressure of the fuel discharged from the fuel pump 120. The 
fuel flows out of the pressure regulator 140, and flows toward 
the fuel discharge port 113 after passing through a discharge 
pipe section 141 integrated with the housing 122 and a 



discharge pipe 128 connected with discharge pipe section 141. 

The housing 122 has claws 129 (engage section) on the 
opposite side of the fuel discharge port 124 in the axial 
direction of the fuel pump 120. The claws 129 outwardly 
5 protrudes from the housing 122 in the diametrical direction of 

the housing 122. The claws 129 are integrally molded with the 
casing 123 of the housing 122. The claws 129 and fitting 
sections (mounting unit) 162 of the fuel filter 130 are 
connected each other, so that The fuel pump 120 and the fuel 

10 filter 13 0 are connected each other. Thus, the fuel filter 

130 is located on the opposite side of the fuel discharge 
section of the housing 122. 

As shown in FIG. 15, the fuel filter 130 has a filter 
body 131, which includes a first member 150, a second member 

15 160, and a third member 170. 

The second member 160 has a suction pipe section 161. 
The third member 17 0 has a frame section 172. As shown in FIG. 
16, the frame section 172 of the third member 170 is connected 
with the suction pipe section 161 via the filter body 131. The 

20 suction pipe section 161 connects with an inlet section (not 

shown) of the fuel pump 120. The fitting section 162 
integrated with the suction pipe section 161 fits to the claws 
129 formed on the housing 122. Thus, the fuel filter 130 is 
connected with the fuel pump body 121 and the housing 122. The 

25 fuel filter 130 has the filter body 131 which has the outer 

layer 31A and the inner layer 3 IB as same as the first 
embodiment . 
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As shown in FIG. 17, the peripheral section 132 of 
the filter body 131 is sealed, so that the filter body 131 is 
formed in a bag-shape. Namely, all brims of the rectangular 
peripheral section 132 of the filter body 131 is welded and 
5 sealed, using ultrasonic welding or vibration welding, for 

example. Especially, in the fourth embodiment, the fuel filter 
13 0 is provided only in the fuel inlet port of the fuel pump 
120, and any fuel filter is not provided on the fuel discharge 
port 124 side of the fuel pump body 121. Therefore, large 
10 filtering area is needed to the fuel filter 130 for securing a 

filtering performance and a lifespan, so that thickness of the 
fuel filter 130 increases. Accordingly, energy of ultrasonic 
welding may be insufficient, and vibration welding is more 
effective. 

15 The outer layer 31A and the inner layer 3 IB are 

stacked without being welded, and constructed to be the filter 
body 131. The outer layer 31A is made of nonwoven fabric, and 
the inner layer 3 IB is made of filter paper. The filter body 
131 is formed in a bag-shape, so that fuel passes through the 

2 0 nonwoven fabric in the outer layer 31A and the filter paper in 

the inner layer 3 IB. The fuel is drawn into the fuel pump 120 
from the suction pipe section 161, after passing the filter 
body 131. 

The filter paper constructing the inner layer 3 IB 
25 contains resinous filer, pulp, and inorganic fiber. The resin 

fiber is heated and melted when the peripheral section 132 of 
the filter body 131 is welded. Subsequently, the resin fiber 
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is cooled and solidified when the peripheral section 132 of 
the filter body 131 is sealed. Besides, the resin fiber needs 
to be resistive to fuel, because the resin fiber filters 
debris included in fuel. Additionally, the resin fiber needs 
to be formed in a fibrous shape. Accordingly, in the fourth 
embodiment, polyester fiber is used for the resin fiber. 
However, the resin fiber is not limited to the polyester fiber. 
Oil-resisting resin, such as polyamide fiber, can be used for 
the resin fiber. On the other hand, pulp is a necessary 
component for filtering function. The pulp fiber connects each 
other by hydrogen bonding, so that strength of the filter is 
secured while forming minute mesh needed for arresting debris. 
The filter constructing the inner layer 3 IB includes resin 
fiber at least 18% and at maximum 80% by weight. 

The peripheral section 132 is welded and sealed so 
that the filter body 131 is formed in a bag-shape. Therefore, 
sufficient bonding strength needs to be secured on the 
periphery section 132 of the filter body 131. As the resin 
fiber content increases in the filter body 131, the amount of 
melting resin increases in the filter body 131, so that 
welding can be easily performed. Thus, bonding strength is 
enhanced in the welding section. The nonwoven fabric is made 
of resin fiber for example, so that the nonwoven fabric can be 
easily welded. However, the filter paper is mainly made of 
pulp, so that it is difficult to perform welding. Accordingly, 
resin fiber is needed in the filter paper for welding work. 

As shown in FIG. 18, as the resin fiber content CF 
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decreases in the filter body 131, the welding work becomes 
difficult on the peripheral section 132 of the filter body 131, 
so that peel strength PS becomes low. The peripheral section 
132 of the filter body 131 is easily peeled, if the peel 
5 strength is lower than 3 ON. Accordingly, fuel may flow into 

the inside of the filter 131 without passing the outer layer 
31A and the inner layer 3 IB. Therefore, the lower limit of the 
resin fiber content CF is predetermined at 18%. 

As the resin fiber content CF increases, welding of 

10 the filter body 131 can be easily performed, so that peel 

strength PS of the filter body 131 increases. However, pulp is 
necessary as binding fiber to form papery filter using resin 
fiber material. Accordingly, it is not preferable to decrease 
pulp content due to excessive use of the resin fiber. 

15 Additionally, as pulp content decreases, hydrogen bonding 

strength decreases among pulp fiber material, so that papery 
filter becomes hard to form. Accordingly, the amount of binder 
increases for securing strength of the filter, and mesh size 
for arresting debris becomes small, so that it becomes 

2 0 difficult to maintain arresting performance of debris. 

Therefore, the upper limit of resin fiber content is 
predetermined at 80%. 

In the fourth embodiment, the filter paper, which 
forms the inner layer 3 IB of the filter body 131, includes 

25 resin fiber. Accordingly, the peripheral section 132 of the 

filter body 131 can be welded when the filter body 131 is 
formed in a bag-shape. Besides, resin fiber content of the 
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filter body 131 is predetermined between 18% and 8 0%. 
Therefore, both strength of the welded filter body 131 and 
arresting performance of debris can be secured. 

The filter body 131 in the fourth embodiment can be 
5 used in the pump module shown in the first embodiment, the 

second embodiment, and the third embodiment. 

As shown in FIG. 15, the filter body 131 has an 
approximately circular opening section 133 for connecting both 
inside of the bag-shaped filter body 131 and the outside of 

10 the bag-shaped filter body 131 with the fuel pump (fuel feed 

apparatus) 120. The first member 150 is provided around the 
opening section 133 of the filter body 131. The first member 
150 is made of resin, and is molded while inserting the filter 
body 131, so that the filter body 131 is inserted by the first 

15 member 150. Therefore, the filter body 131 does not need any 

other opening in addition to the opening 133. On the contrary, 
in the first embodiment shown in FIG. 6, plural openings are 
needed to be penetrating the filter body 31 for forming the 
connector 50 if the mold section 32 is not formed. Because, 

20 resin cannot pass through the filter body 31, so that passages 

are needed for supplying resin to inside of the filter body 31 
(i.e., inner layer 3 IB) . In the fourth embodiment shown in FIG. 
15, additional opening is not needed to the filter body 131, 
so that the filter body 131 can be easily manufactured when 

25 the fuel filter 130 is formed. 

The second member 160 has the suction pipe section 
161, which extends in its axial direction. The second member 
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160 has plural fitting sections 162 (mounting unit). The 
fitting sections 162 are outwardly provided on the suction 
pipe 161 in the diametrical direction of the suction pipe 161 , 
and arranged in the circumferential direction of the second 
5 member 160. The fitting sections 162 can fit to the claws 129 , 

which are formed on the housing 122 of the fuel pump 120. The 
claws 129 are arranged in the peripheral direction of the 
housing 122, so that the claws 129 correspond to the fitting 
sections 162. The fitting sections 162 are formed to protrude 

10 from the suction pipe section 161 toward the opposite 

direction with respect to the filter body 131 side. Thus, the 
fuel pump body 121 of the fuel pump 12 0 is received in the 
inner peripheries of the fitting sections 162. An inlet port 
(not shown) of the fuel pump body 121 is connected with the 

15 suction pipe section 161, and inserted inside of the suction 

pipe section 161. The fitting section 162 is connected with 
the claws 129, so that the fuel pump 120 is connected with the 
filter body 131. Here, the suction pipe section 161 can be 
inserted into the inlet port of the fuel pump body 121. 

2 0 The second member 160 can be inserted by the inner 

periphery of the first member 150. The second member 160 has 
projecting section 163 (fitting section) on the end of the 
suction pipe section 161, which is on the opposite side with 
respect to the fitting sections 162 of the second member 160. 

25 The projecting section 163 outwardly protrudes in the 

diametrical direction of the section pipe member 161. The 
second member 160 has a slit 164 in the suction pipe section 
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161, so that the diameter of the section pipe 161 can expand 
and contract. The outer diameter of the projecting section 163 
is larger than the inner diameter of the first member 150. 
However, the outer diameter of the suction pipe section 161 
5 can expand and contract, so that the second member 160 can be 

easily inserted by the inner periphery of the first member 150. 
The suction pipe section 161 has a portion, which does not 
have the slit, and the portion has a diameter larger than the 
inner diameter of the first member 150. Therefore, the portion, 

10 which does not have the slit, is press-inserted into the first 

member 150, so that the first member 150 and the second member 
160 are fixed each other. 

The third member is provided in the filter body 131, 
and has a receptacle section 171 and the frame section 172. 

15 The receptacle section 171 is formed in a cylindrical shape. 

The inner diameter of the receptacle section 171 is smaller 
than the outer diameter of the projecting section 163. However, 
the diameter of the suction pipe section 161 can expand and 
contract, so that the suction pipe section 161 can be inserted 

20 in the receptacle section 171. The projecting section 163 is 

inserted in the receptacle section 171, and is slid toward the 
opposite side with respect to the first member 150. 
Subsequently, the outer diameter of the protruding section 161 
increases, and the protruding section 161 can be hooked on the 

25 end of the receptacle section 171 on the opposite side of the 

first member 150. The frame section 172 of the third member 
170 supports the filter body 131 from inside of the filter 



-31- 



body 131. Namely, the third member 170 supports the inner side 
of the filter body 131. Therefore, the filter body 131 is 
protected from differential pressure, which is generated by 
suction of fuel. Thus, deformation of the filter body 131 is 
5 prevented while securing the filtering area of the filter body 

131. 

Initially, the filter body 131 of the fuel filter 130 
is formed in a rectangular-shaped sheet, which has the opening 
133. The first member 150 is insert -molded at the opening 133. 

10 The second member 160 is press-inserted into the first member 

150 from the outer layer 31A side of the filter body 131 
toward the inner layer 3 IB side. The third member 170 is 
located on the inner layer 3 IB side of the filter body 131. As 
shown in FIG. 16, the second member 160 is inserted by the 

15 inner periphery of the first member 150, and is inserted in 

the receptacle section 171 of the third member 170. Namely, 
the first member 15 0, which is provided to the filter body 131, 
is put between the second member 160 and the third member 170. 

The projecting section 163 of the second member 160 

20 is inserted into the receptacle section 171 of the third 

member 170, and is located on the opposite side of the filter 
body 131 with respect to the receptacle section 171 . The 
projecting section 163 outwardly expands in the diametrical 
direction of the suction pipe section 161 by resilience. The 

25 projecting section 163 is hooked on the end of the receptacle 

section 171, which is on the opposite side with respect to the 
filter body 131. Thus, the first member 150 is put between the 
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second member 160 and the third member 170 , while the second 
member 160 fits to the third member 170 while inserting the 
first member 150. Thus, the filter body 131 , to which the 
first member 150 is provided, and the second member 160 and 
5 the third member 170 are integrally constructed. 

The filter body 131, the first member 150, the second 
member 160, and the third member 170 are constructed, and 
combined with a flat-shaped lower section of the filter body 
131, which has the outer section 31A and the inner section 3 IB. 

10 The peripheral section 132 of the filter body 131 is bonded by 

using vibration welding or ultrasonic welding. Thus, the fuel 
filter 130, which has the bag-shaped filter body 131, is 
formed. The formed fuel filter 13 0 is connected with the fuel 
pump 120. The fuel pump body 121 of the fuel pump 120 is 

15 received in the housing 122. The fuel inlet port of the fuel 

pump body 121 is inserted into the suction pipe section 161, 
and the claws 12 9 fits to the fitting sections 162. Thus, the 
fuel filter 130 and the fuel pump 120 are integrally connected 
each other. The integrated fuel pump 12 0 and the fuel filter 

20 30 are connected with the flange 111, or the like, so that 

construction of the pump module 110 is completed. 

In the fourth embodiment, the first member 150 is 
provided around the opening 133 of the filter body 131. In 
detail, the filter body 131 is inserted by the first member 

25 150, such that the first member 150 is formed around the 

opening 133 of the filter body 131. Therefore, a resin 
material does not have to pass through the filter body 131 for 
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forming the first member 15 0, when the filter body 131 and the 
first member 150 are insert-molded. Thus, holes need not to be 
formed on the filter body 131, except for the opening 133. 
Accordingly, manufacturing process for the filter body 131 can 
be reduced, and the filter body 131 and the first member 150 
can be easily manufactured. 

The filter body 131 and the fuel pump body 121 of the 
fuel pump 120 are substantially perpendicularly arranged each 
other. Therefore, the cross-sectional area of the pump module 
110 can be reduced with respect to the axial direction of the 
pump module 110. Here, the axial direction of the pump module 
110 is the vertical direction in FIG. 13. Besides, the cross- 
sectional area of the pump module 110 corresponds to the 
opening 2 formed in the top plane of the fuel tank 1 for 
inserting the pump module 110 into the fuel tank 1 . The cross- 
sectional area of the pump module 110 is reduced, so that the 
area of the opening 2 can be reduced. Thus, the strength 
reduction of the fuel tank 1 can be prevented, and the sealing 
length between the flange 111 and the fuel tank 1 can be 
reduced. 

The second member 160 fits to the third member 170 
while inserting the first member 150, so that the fuel filter 
130 is manufactured. The fuel filter 130 is connected with the 
fuel pump 120, so that the pump module 110 is manufactured. 
Therefore, both the fuel filter 130 and the pump module 110 
are easily manufactured by a simple process, such as fitting. 
The peripheral section 132 of the filter body 131 is welded, 
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so that the filter body 131 is sealed at the peripheral 
section 132. Thus, the fuel filter can be easily manufactured 
comparing with molding the peripheral section 132 of the 
filter body 131. 

5 The first member 150 and the second member 160 can be 

integrally formed. Besides, the first member 150 and the third 
member 170 can be integrally formed. The number of the parts 
can be reduced by integrally forming plural members. The 
periphery of the filter body 131 can be molded of resin. In 

10 this case, a connector can be provided on a mold section 

formed on the outer periphery of the filter body 131. 

The structure of the devices of the pump module 10, 
110 is not limited to the structures mentioned in the above 
structures. The fuel filter can support components, such as 

15 the fuel pump, the housing, the high-pressure filter, the 

pressure regulator, a jet pump, and a module constructed with 
such devices. The components can be a single device, or a 
single module, or a combination of the devise and the module. 
A high-pressure filter can be provided on the fuel discharge 

2 0 side of the fuel pump for removing debris included in fuel. 

The pump module in the above embodiments includes the 
fuel filter which has the outer layer 31A and the inner layer 
3 IB, so that relatively large debris and small debris included 
in fuel can be removed at the inlet of the fuel pump 20. 

25 Therefore, debris included in fuel can be steadily removed 

without increasing pressure loss. 

The filter body and the mounting unit in the above 
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embodiments can be integrally formed. 

Other various changes and modifications are to be 
understood as being within the scope of the present invention 
as defined by the appended claims. 



-36- 



